Abstract: Despite a body of compelling evidence pertaining to the root canal accessibility of primary teeth, the number of referrals for inaccessibility of primary molars is considerable. The aim of the present study was to evaluate the prevalence of true and false primary molar inaccessibility among subjects who had been referred by general and pediatric dentists. We examined 199 primary molars in 156 patients (87 males, 69 females) aged 3-7 years who were referred by 215 general and 35 pediatric dentists. Problems related to inaccessibility were recorded for each tooth and any individual canal. One hundred seventy-five inaccessible teeth (87.9%) were successfully rehabilitated to accessible status (P < 0.001). The most frequent cause of inaccessibility was an inappropriate access cavity (42.3%), followed by difficult canals (32.6%) and orifice calcification (25.2%). The tooth most frequently reported as inaccessible was the maxillary first molar (40.2%), and that least frequently reported was the mandibular second molar (11.6%). The distobuccal canal of the maxillary first molar and the mesiolingual canal of the mandibular first molar were the most commonly inaccessible canals (P < 0.001). Only 1 out of 8 teeth referred as inaccessible was truly inaccessible. It seems that root canal inaccessibility is mostly attributable to lack of expertise among individual practitioners. (J Oral Sci 55, [167][168][169][170][171][172][173] 2013) 
Introduction
Endodontic procedures for the treatment of primary teeth are indicated if the canals are accessible and there is evidence of essentially normal supporting bone. However, the bizarre and tortuous morphology of the root canals and difficulty in cleaning and shaping them has led to negative attitudes toward root canal therapy for primary teeth (1) (2) (3) (4) . Arduous preparation of primary root canals with complex and variable morphologic geometry, the ambiguous influence of instrumentation, medication and filling materials on developing permanent teeth, and the problems associated with children's behavior in dental offices have led to a reluctance among dentists to perform such treatment. Accordingly, some studies have suggested that clinical indications for this kind of treatment are limited, whereas others have ignored the issue or totally dismissed it (1, 2) .
It is evident that successful root canal therapy for primary teeth requires a thorough knowledge of the size, morphology and variation of the root canals. This makes pulp treatment of primary teeth different from that of permanent teeth, and has the potential to greatly improve the effectiveness and outcome of pulp therapy for primary teeth (5, 6) .
Although the essential facts have not changed, more recent studies have provided substantial insights into our understanding of the complexities of the root canals of primary teeth (7, 8) . Moreover, some recent studies have shown that primary molars have accessible canals, and that root canal treatments may not necessarily be lengthy or complicated (9) . In addition, large numbers of clinical studies have demonstrated an overall success rate of 90% for pulpectomy techniques in primary teeth, with a wide variation of study design (10) (11) (12) (13) (14) (15) .
Even though decision-making about the potential success of pulpectomy procedures and the root canal accessibility of human primary teeth does not seem to be especially difficult, concerns still remain and issues continue to be raised in the literature. In addition, clinicians still face a considerable number of referrals because of the attitudes of dental practitioners, who harbor unnecessary misgivings about the feasibility of pulpectomy for primary molars. Therefore a question has arisen as to whether the root canals of primary teeth are, in fact, accessible.
The aim of the present study was to determine the frequency, location and type of false and true inaccessibility of root canals of primary teeth, and also the frequency distribution of false and true inaccessibility of these canals among general dentists (GDs) and pediatric dentists (PDs).
Materials and Methods

Study design
This quasi-experimental study was conducted at the Department of Pediatric Dentistry, Tabriz University of Medical Sciences, during the period from March 2011 to July 2012. The participants were referred to the Department of Pediatric Dentistry by practitioners who had practices in the area. The subjects were enrolled by simple sampling, in which a postcard survey containing two sets of questions was mailed to all of 250 local practitioners (GD = 215 and PD = 35). The first set of questions covered each practitioner's demographic characteristics and experience. The second set of questions were intended to identify the best explanation of failure to access the root canals, and which canals were not accessible in the corresponding teeth.
Of the 210 subjects who were referred as inaccessible cases, a total of 199 primary molars in 156 patients (87 males, 69 females) aged 3-7 years were included in the present study. The selected carious molars were candidates for partial or complete pulpectomy. The subjects had been referred because practitioners had been unable to locate and/or properly debride the canal(s) of the primary molars. A comprehensive medical and dental history was taken and a treatment plan was established for each patient. The following signs and symptoms were ruled out by clinical and radiographic examinations:
• Any confounding medical history
• Teeth presenting a serious challenge to crown restoration • Teeth with evidence of pulpal floor perforation.
• Teeth with extensive pathologic (non-physiologic) root resorption.
• Teeth with inadequate bone support.
• Teeth at a stage of development for which preservation was not important.
• Parents who were unwilling to agree to the therapy and were not prepared to bring their children for follow-up examinations. Eleven cases were excluded from the study because of pulpal floor perforation and extensive pathologic root resorption. The study procedure, probable risks, and discomfort and as well as benefits were explained to the parents of the children, and all of them signed written informed consent. This study was approved by the ethical and medical research committee of Tabriz University of Medical Sciences (90/16, 2011).
Therapeutic protocol
The study procedure was performed by a single experienced pediatric specialist. Initially, periapical radiographs of the selected teeth were taken using the standard parallel technique. Local anesthesia was induced using inferior alveolar nerve/lingual nerve block for mandibular primary molars and infiltration and superior alveolar nerve block anesthesia (palatal/ buccal) for maxillary primary molars using 2% lidocaine with 1:100,000 epinephrine. Standard isolation of the operation site was accomplished by placement of a rubber dam. After removal of the temporary restoration, preliminary assessment of the previous access cavities was done. Thereafter, the likely problems related to the access cavity design (Figs. 1 and 2) were recorded and rectified in order to gain proper access to the orifices and canals. Prior to the access cavity preparation, all of the remaining dental caries as well as undermined enamel structures were eliminated. The remaining roof of the pulp chamber and dentinal remnants overhanging the pulp horns were removed, and a funnel-shaped access to the entrance of the root canals was prepared. After extirpation of the remaining coronal pulp, the pulp chamber was irrigated with a light flow of sterile 0.9% normal saline solution (16, 17) .
After preparing the appropriate access cavity, the pulp chamber and the orifice of the canals were assessed using a sharp standard dental explorer (Kohler Medizintechnik GmbH & Co., Neuhausen, Germany) and then the root canals were explored using a size 10 K-type file (Dentsply/Maillefer, Ballaigues, Switzerland) in order to determine the number and configuration of the root canals while evaluating the overall accessibility status. One of the characteristics of the root canal anatomy in primary teeth is continuing dentin deposition in the root canal after root length completion (Fig. 2 ). This phenomenon can create highly calcified canals and may change the number, size, and shape of the root canals. Moreover, canal entrances may also become obstructed by pulp stones and other dystrophic calcifications that make it more difficult to locate the root canal entrances (16, 17) . During the present study, canals that were difficult to access were mainly divided into two categories: the first group included root canal-related problems such as calcified canals, unusual root curvatures, and roots with complex anatomies, whereas the second category included amorphous pulp chambers and orifice calcifications such as pulp stones in the pulp chambers (18, 19) .
The initial endodontic K-file was introduced up to the estimated working length, and a second radiograph was taken. The endodontic file that could be passed along the estimated working length while fitting closely into the canal was used as the initial endodontic file. Subsequently, the corrected working length was determined by radiography. The estimated working length was considered to be 2 mm short of the primary diagnostic radiographic length. Cleaning of the canals was started from the initial file for the corrected working length and the canals were enlarged three sizes beyond the initial file to eliminate any organic remnants (9, 16) . Copious irrigation was implemented throughout the preparation. Thereafter, the canals were dried and then filled with zinc oxide-eugenol paste (Dentsply, Petrópolis, RJ, Brazil). The remainder of the pulp chamber was filled with restorative glass ionomer (Dentsply, Weybridge, UK) and a stainless steel crown (Unitek SS Crown-3M Co, Monrovia, CA, USA) was placed (16, 17) . Information about the number and location of canal orifices and the initial files was recorded for each tooth and any individual canal.
On a random basis, 50 cases were assessed and rated by the second examiner independently and systematically during the stages of treatment to allow for estimation of inter-examiner data agreement.
Statistical analysis
All data are presented as mean ± standard deviation (SD) and n (%). Chi-squared or Fisher's exact test and MantelHaenszel test were used to evaluate the association of qualitative variables including type of inaccessibility, cause of inaccessibility, type of practitioner, type of tooth and root canal. The kappa statistic was calculated for inter-rater reliability assessment. Statistical analysis was performed using the SPSS statistical software package version 15. In the present study P < 0.05 was considered to indicate statistical significance. 
Results
Of the 210 returned questionnaires, 199 teeth in 156 patients (87 males, 69 females) aged 3-7 years were included in the data analysis, yielding a response rate of 94.8%. Of these, 113 were maxillary molars (first molar: 80, second molar: 33) and 86 were mandibular molars (first molar: 63, second molar: 23). The majority of the participants were GD (n = 125, 80.1%) and the rest were PD (n = 31, 19.9%).
The agreement between the examiners was very good and significant (κ = 0.92, P < 0.001), indicating good agreement.
The findings showed that 175 (87.9%) of the teeth that had been referred as inaccessible were rehabilitated to accessible status, and only 24 teeth (12.1%) were truly inaccessible. It is noteworthy that a significantly high proportion of inaccessibility was false (P < 0.001). The most frequent reason for inaccessibility was inappropriate access cavity preparation (42.3%), followed by difficult canals (32.6%) and orifice calcification (25.2%).
After the second intervention, true inaccessibility rates among the cases referred by the PD and the GD were 38.2% and 6.7%, respectively. This difference was statistically significant (P < 0.001). Conversely, false root canal inaccessibility was significantly more frequent among GDs compared to PDs (P < 0.001). The difference in the recovery rate for inaccessible teeth, considering different levels of experience among GDs, was not statistically significant, whereas it reached a significant level among PDs with different levels of experience (P < 0.001; Table 1 ).
Considering the practitioners' experience, there was no significant change in the frequency of teeth being deemed inaccessible as the years of experience increased among GDs (P > 0.05); however, this rate was significant for PDs (P < 0.05; Table 2 ).
Among the causes of false inaccessibility, the most frequent pitfall for GDs was an inappropriate access cavity design (45.5%) while that for PDs was difficult canals (42.9%). In addition, primary first molars had a significantly higher rate of inaccessibility than primary second molars (P < 0.001). The tooth most commonly referred as inaccessible was the maxillary primary first molar (40.2%), and that least commonly referred was the mandibular primary second molar (11.6%; Table 3), the rates showing no significant difference between PDs and GDs (P > 0.05).
For PDs, the maxillary and mandibular first primary molars were the teeth most frequently deemed inaccessible (72.7%), whereas the mandibular primary second molar was the tooth least frequently deemed inaccessible (12.1%). Similarly, among GDs, the most commonly inaccessible teeth were the maxillary and mandibular first primary molars (68.7%), and the least frequently inaccessible tooth was the mandibular primary second molar (11.44%).
The most frequently inaccessible (truly or falsely) root canal in the maxillary primary first molar was the distobuccal canal (62.9%), and the least inaccessible was the palatal canal (13.8%; P < 0.001). The most frequently inaccessible root canal in the maxillary primary second molar was the mesiobuccal canal (44.4%), and the least inaccessible was the palatal canal (20.6%) (P < 0.001; Table 4 ).
The scenario for mandibular primary molars showed a pattern similar to that of the maxillary primary molars; the most inaccessible root canal in mandibular primary first molar was the mesiolingual canal (72.4%), and the least inaccessible was the mesiobuccal canal (9.2%; P < 0.001). In the same context, the most frequently inaccessible root canal in the mandibular primary second molar was the mesiolingual canal (16.4%), and the least inac- The data are shown as number (%).
cessible was the distolingual canal (41.2%; P < 0.001). Interestingly, the distobuccal canal of the maxillary first molar and the mesiolingual canal of the mandibular first molar were found to be significantly the most commonly inaccessible in the entire primary molar root canal system (P < 0.001).
Discussion
The purpose of the present study was to investigate the prevalence of truly and falsely inaccessible root canals among subjects who had been referred because of inaccessible teeth by GDs and PDs. We also explored the frequency and type of practitioner errors and toothrelated difficulties when negotiating root canals as probable causes of false root canal inaccessibility. Moreover, the present study focused on the types of teeth and root canals that most commonly presented obstacles to successful root canal exploration.
The most striking result to emerge from the data was that the majority of cases that were referred as inaccessible proved to be accessible at the second attempt during the course of the study. Indeed, 175 (87.9%) of the teeth referred as inaccessible by GDs and PDs were successfully rehabilitated to accessible status. Therefore, as only a minority of teeth referred as inaccessible are, in fact, truly so, it appears that the previously prevailing notion that "bizarre and tortuous canals of primary teeth may not be adequately negotiated and cleaned" is erroneous in most cases. The results of our study provide additional evidence to support previous findings that primary molars have accessible root canals that would not compromise endodontic treatment (9) .
Surprisingly, the present findings revealed that more GDs than PDs erroneously considered root canals to be inaccessible. In contrast to PDs, experience among GDs appeared to have no significant impact on whether root canals were considered inaccessible. This may be attributable to the fact that specialists have additional knowledge, and have undergone rigorous training in root canal treatment for primary teeth. Moreover, PDs are all highly experienced in helping children to overcome anxiety and behavior problems, which may present a barrier to treatment of pediatric patients. Insufficient knowledge among GDs may be an important factor behind erroneous judgments, even for those who are most experienced. This reflects the situation in other studies, which have demonstrated a poor knowledge base and deficient patterns of practice among primary care physicians (20) (21) (22) .
Additionally, examination of the results in more detail revealed some interesting differences: among PDs, difficult canal morphology and amorphous pulp calcifications were more problematic than inappropriate access cavity designs, though not to a significant degree, whereas among GDs problems related to the individual practitioner were significantly more frequent than tooth-related difficulties. Inappropriate access cavity preparations were significantly more problematic than difficult canal morphology and amorphous pulp calcifications. This confirms our previous suggestion that a poor knowledge base among GDs is responsible for erroneous judgements related to the morphology and anatomy of primary teeth. The data are shown as number (%). The data are shown as number (%).
Small access cavity size hinders the operator's vision of the root canal system, resulting in limited accessibility, a higher frequency of missed canals, and an insufficient area for adequate instrumentation (23) . A small access cavity also lengthens the time needed for the procedure and compromises the quality of the treatment (24) (25) (26) .
In accordance with previous studies, the present findings indicate that the accessibility of mandibular primary first molars is significantly lower than that of primary second molars, and that a single canal in the entire root canal system has significantly lower accessibility than other canals (9) . Similarly, Zoremchhingi et al. have reported that the mesiolingual canal has the smallest diameter (5).
The scenario for maxillary primary molars follows the pattern described previously: in the maxillary first molar, low accessibility of the distobuccal canal substantially decreases the accessibility of the maxillary first molar relative to the second molar. Accordingly, previous studies have demonstrated that the distobuccal canal has the smallest diameter and that its accessibility is limited compared to other root canals (5, 9) .
Overall, the present study has shown that almost 7 out of 8 teeth referred as inaccessible cases were rehabilitated to accessible status, and therefore it can be concluded that the "inaccessibility" of primary molar root canals is mostly the result of practitioner-related shortcomings. It is reasonable to assume that practitioner-related failure is related to insufficient knowledge and skill. However, this inference should be weighed against other factors sich as a child's limited capacity to cooperate during the procedure, the limited area of operation, small tooth size, and at risk of being charged with primary molar. In addition, one should be aware of the possibility of undiagnosed cases that are treated without filling and obturation of the missed canals. Root canal treatment for primary molars requires more pertinent and meticulous work than that for permanent teeth and older patients.
The authors acknowledge some limitations of this study, including the small sample size for the PD group, which made it difficult to make conclusive judgements regarding the differences in accessibility observed after intervention. We also consider that broader generalization of the present findings would require further investigation, particularly with regard to practitioner knowledge and skill.
Most of the teeth referred as inaccessible were rehabilitated to accessible status, and only one in eight were truly inaccessible. It is recommended that dental students should be made more aware of the pitfalls of pulp treatment for primary teeth, and encouraged to develop more effective skills. Academic institutions should actively highlight this issue and place more emphasis on all of its aspects through special training courses and other educational events.
